These records are from CDER’s historical file of information
previously disclosed under the Freedom of Information Act (FOIA)
for this drug approval and are being posted as is. They have not
been previously posted on Drugs@FDA because of the quality
(e.g., readability) of some of the records. The documents were
redacted before amendments to FOIA required that the volume of
redacted information be identified and/or the FOIA exemption be
cited. These are the best available copies.




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































system. The aminu acid 82 and 71 mutations emerge later and may
be construed as "secondary" mutations in vitro. These data
demonstrate that HIV-1,,, variant populations (pl9 and p22)
contain amino acid mutationc ip the PR gene sequence which may cr

may not contribute to the phenctypic decrease in ritonavir
susceptibility.

To address the question of whether a causative relationship
exists between these genetic mutations and the phenotypically
expressed ritonavir resistance in vitro site-directed mutagenesis
was used to construct HIV-1l,,.; variants. These cloned virus
variants should only contain the mutations shown in Enclosure 15
against a parent HIV-1,,, genetic background. Susceptibility
testing was performed on these virus constructs using the p24
inhibition assay in acutely infected MT4 cells. Of the single
mutations evaluated only positions 84 (Ile to Val) and 82 (Val to
Phe) produced a shift in ritonavir susceptibility; 10-fold and 5-
fold, respectively. The double mutant 84 (Ile to Val)/46 (Met to
Ile) produced a 9-fold decrease in susceptibility, thus- the 46
mutation in this clone provided no detectable resistance
advantage. Of the other mutations analyzed, (enclosure 15) they
either failed to result in susceptibility changes or were not
measurable due to apparent growth kinetics impairment in cell
culture.

These data demonstrate that certain point mutations in the
HIV-1 PR can cause a shift in ritonavir susceptibility and that
these changes are likely involved, the degree of which is
unknown, in the changes in susceptibility observed in the pl9 and
p22 "ritonavir-resistant" isolates produced in vitro.

j. Phenotypic and genotypic analysis of HIV isolates from
patients during therapy with ritonavir.

HIV PR gene sequences were monitcred during ritonavir
therapy for a sample of 44 trial participants (M93-112, M94-169,
and M93-134) with evaluable viral isolates from both baseline and
ongoing therapy timepoints (3 to 32 weeks). As would be expected
the baseline HIV PR gene sequences from patient isolates were
highly variable. When studies of baseline PR sequences were
compared to the HIV-1 clade B prototype sequence approximately
37% and 50% of the nucleotide se.,uence and deduced amino acid
sequence were found to be naturally polymorphic, respectively.
Once ritonavir therapy was introduced to patients their HIV-1
populations, evaluated as a whole, developed 9 specific PR amino
acid sequence mutations which are thought to be directly related
to the presence of ritonavir; 90, 84, 82, 71, 54, 46, 36, 33, and
20 (enclosure 16). '
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To examine whether a preferential PR gene mutation pathway
existed in this system a comparison/analysis of the total number
of mutations relative fto their qualitative site was performed on
41/44 participants. The results of this analysis is shown in
Enclosure 17. These data suggest that ritonavir-induc~d PR
mutations occur most frequently in the following cumulative
order: 82 (Val to Ala/Thr/Phe), 54 (Ile to Val), 71 (Ala to Val),
36 (Met to Ile), followed by combinations of mutations at 20 (Lys
to Arg), 46 (Met to Ile), 84 (Ile to Val), 90 (Leu to Met), and
33 (Leu to Phe). The predominant mutation occurred at position
82. According to the sponsor the absence of an 82 mutation,
regardless of the combinations and accumulations of the other 8
possible mutations, always yields a ritonavir-susceptible isolate
when tested ex vivo. The sponsuor states that when a decrease in
ritonavir susceptibility was noted (18 tested for phenotypic
changes in susceptibility out of a total of 44) a mutation at
pocsition 82 was always present. However, there were incidences
where an 82 mutation was detected but the isolate still retained
full ritonavir-susceptibility. These obrervations support a
hypothesis that the 82 mutation may be necessary but not
sufficient for decreased susceptibility to ritonavir. Upon
closer examination of the data submitted in the NDA we foqund
caveats to this "B2-mutation" rule. Patient #306 showed, on day
57 of therapy, .. 7-fold decrease in ritonavir susceptibility but
lacked the 82 mutation, and patient #311, on day 85 ot therapy,
showed a 20-fold decrease in drug susceptibility but lacked the
82 mutation.

When queried on their conclusions about "the 82 mutation
rule" Abbott responded with additional data not submitted with
the original NDA package. The sponsor stated that the NDA data
package included "some'" sequence data which was derived from
proviral DNA; these data included the day 57 and day 85 virus
specimens in question. Included in the new data package
(Abbott/Jeanne Fox, faxed Feb 5, 1996) are additional PR sequence
data on patients #306 and #311 which confirm the presence of the
82-mutation in cell-free HIV-1 isolated from those individuals
prior to the day 57 (#306) and day 85 (#311) proviral specimens.
We requested, received, and will only consider the sequence data
generated from cell-free clinical isolates when defining the "82-
mutation rule". We find that when sequence analysis is performed
on viral RNA extracted from plasma derived cell-free virus
particles the rule stands, but if proviral DNA isolated from
patients PBMCs at the same time point is the sequence source we
find exceptions to the rule.

It has been well established that HIV-1 genetic sequence
mutations are detected initially in a patients cell-free plasma
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associated HIV-1 population. At a later timepoint the proviral
DNA specimen from HIV-1 infected PBMCs from the same individual
will present detectable HIV-1 mutations which are identical to
those seen earlier in the cell-free HIV-1 specimen (Kaye et al.,
1995). The lag time between detectable mutations in viral RNA
and proviral DNA 1is thought to be highly variable but estimated
in one study to be approximately 25 days (Kaye et al., 1995).
Another report suggests that proviral DNA in infected PBMCs has a
high degree of sequence complexity (excessive HIV sequence
variability) and that many of those may be replication-defective
(Coffin, 1995,. Thus, the sequence information generated from
proviral DNA clones may not best re,.resent the rapidly-
replicating HIV population found in plasma. At this time and for
these reasons, the "82 mutation rule”" should only be considered
when dealing with cell-free HIV particles isolated from plasma
and not proviral HIV from infected PBMCs. In order to establish
statistical relevance between the "82 mutation rule" and
resistance development in HIV populations Abbott Laboratories
should be encouraged to continue to study genotypic and
phenotypic resistance in clinical isolates. The goal being to
produce data which may establish an early detection method for
evolving "pre-resistant" HIV-1 subpopulations prior to phenotypic
expression of susceptibility changes when tested in vitro,

Selected patients treated with ritonavir have been shown to
develop HIV-1 isolates with reduced susceptibility to th  drug
(12/18 tested); ranging from a 6-fold to a 250-fold deciruzase from
matched pair baseline values (enclosure 18). Although these
genotypic and phenotypic susceptibility data suggest that
genetic-based resistance development is biologically possible the
clinical relevance of these changes has i.ot been well studied,
therefore, not established.

Certain HIV isolates generated during ritonavir therapy
which were found to phenotypically possess decreased sensitivity
to the treatment drug were evaluated in vitro for their
susceptibility changes to other PRIs compared to matched pair
baseline values; including saquinavir, indinavir, VX-478 and AG
1343 (enclosure 19). Six of these isolates did not have a
decrease in in vitro susceptibilit compared to matched pair
baseline values. However, two of these isolates demonstrated
decreased susceptibility to indinavir in vitro (8-fold). Four of
the 6 were also tested for cross-resistance to VX-478 and AG
1343. 0Only one isolate had a decrease in susceptibility to AG
1343 (12-fold), and none to VX-478. These cross-resistance data
suggest, as has been previously discussed, that there is some
overlap of genotypic and phenotypic resistance development
between the treatment drug (ritonavir) and other PRIs for which a

»
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patient is naive. The potential for HIV cross-resistance between
PRIs has not been fully explored. Therefore, it is unknown what
effect ritonavir therapy will have on the activity of
concordantly or subsequently administered PRIs. The impact of
PRI-resistance development in the target HIV population on the
clinical progression of AIDS in PRI recipients has not been
thoroughly explored, therefore the impact on patients is unknown.
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CONCLUSIONS

Abbott Laboratories has submitted an NDA #20-659 to support
a full approval for ritonavir for the treatment of HIV infection
in adualts. The sponsor providad pireclinical information and data
which includes: defining the mechanism of action, iIn vitro
activity, limited in vitro activity in combination with RT
inhibitors (2DV and ddI), th.: impact of excess plasma proteins
on activity in vitro, and evaluation of HIV ritonavir-resistance
development in vitro. With respect to microbiclogy, this NDA is
approved pending acceptance of final draft labeling.

Ritonavir is a peptidominetic inhibii.or of HIV-1 and HIV-Z
PR (more activity associated with HIV-1 PR) which renders the
enzyme essentially inactive. Therefore, the gag-pol polyprotein
precursor cannot be processed correctly. This leads to the
production of immature/noninfectious HIV particles. In vitro,
ritonavir has substantial antiviral activity against HIV-1
laboratory strains and low passage clinical isoclates, and EC50
and CCICS50 data reveal a therapeutic index of 21000 in vitro.
Ritmnavir activity in vitro is comparable to that of ZDV. Anti-
HIV-2 activity is less prominent but only limited studies have
been performed on this issue (activity data for one HIV-2
laboratory strain was provided with the NDA). Therefore, if the
sponsor intends to promote ritonavir for the treatment of HIV-2
infections a thorough preclinical analysis of in vitro activity
should be performed on low passage clinical isolates. Ritonavir
and either ZDV or ddI exhibited an additive antiviral effect in
vitro. The sponsor has already initiated a safety study of the
combination of ritonavir and saquinavir in HIV-1 infected
patients. The sponsor does not appear to have performed
ritonavir and saquinavir combination studies in vitro. To rule
out the possibility of an antagonistic relationship between
ritonavir and any other antiviral agents 1in vitro combination
studies should be performed prior to use in clinical trials.

HIV-1 isolates with reduced susceptibility to ritonavir (27-
fold) have been selected in vitro. Genotypic analysis of these
isolates showed predominant mutations in the HIV protease gene at
amino acid positions 84, 82, 71, and 46; 84 being the dominant
mutation. These data showed that the development of ritonavir-
resistant HIV-1 isolates is biologically possible. Site directed
mutagenesis studies demonstrated that point mutations at position
84 and 82 could each decrease ritonavir-susceptibility of the
HIV-1 clone by 10-fold and 5-fold, respectively. The the 84 and
the 82 mutation did not express additive ritonavir-resistance
when present as a double mutation.
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In order to address the question of ritonavir resistance
development in vivo 44 participants with evaluable viral isolates
from baseline were monitored during therapy for PR gene
mutations. Once ritonavir therapy was introduced to patients the
HIV-1 population developed 9 specific PR amino acid mutations at
position 9G, 84, 82, 71, 54, 46, 36, 33, and 20. A pathway for
the development of these mutatiorns were examined in 41 patients,
These data suggest that ritonavir-induced PR mutations occur most
frequently in the following cumulative order: 82, 54, 71, and 36,
followed by combinations of mutations at the additional 5
specific amino acid positions. The predominant mutation site in
in vivo developed specimens is at position 82, different from
what is seen in vitro. Phenotypic susceptibility changes were
evaluated in 18 of the above 44 participants. Twelve of 18 had
isolates with reduced susceptibility to ritonavir ranging from 6-
fold to 250~-fold compared to matched pair baseline values. Re-
evaluation of the 12 "resistant"” isolates revealed that if a 25-
fold resistance shift was detected the 82 mutation was always
present. With the limited data available to date there are no
exceptions to this observation. Serial HIV-1 isolates obtained
from 6 patients which showed a decrease in ritonavir
susceptibility in vitro did not demonstrate a concordant-decrease
in susceptibility to saquinavir in vitro when compared to matched
baseline isolates. However, two isolates demonstrated decreased
susceptibility to indinavic (53-Lcld), and of 4 tested in vitro
against VX-478 and AG 1343 only one isolate had a decrease in
susceptibility to AG 1343 (12-fold). The potential for cross-
resistance between PRIs has not been fully explored. Therefore,
it is unknown what effect ritonavir therapy will have on the
activity of concordantly or subsequently administ red PRIs.

A review of the surrogate mavrker data, viroloyic and
immunologic, from the 9 clinical trials, will be attached to
this review document as an addendum at a later date.
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PHASE IV RECUMMENDATIONS

The sponsor should address the recommendations made for
preclinical follow up in ongoing and future phase IV clinical
studies.

1. Please consider performing a thorough analysis of the
antiviral activity in vitro of other PRIs against paired clinical
isolates pre~ and post-ritonavir therapy. In addition, if
ritonavir is to be approved for use in combination with ZDV or as
a post-2DV therapy alternative a more thorough analysis of ZDV-
resistant HIV isolates for susceptibility to ritonavir should be
considered; which includes more than one unique specimen.

2. In order to establish statistical relevance between the 82

mutation and resistance development in HIV populations you are
encouraged to continue to study jenotypic and phenotypic
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resistance in clinical isolates. These data may help to
establish an early detection method for evolving "pre-resistant"
HIV-1 subpopulations prior to phenotypic expression of
susceptibility changes.

3. If ritonavir is intended for the treatment of HIV-2 you
should consider conducting a more extensive preclinical analysis
of drug activity using HIV-2 laboratory strains and clinical
isolates. The information on the HIV-2 antiviral effects of
ritonavir provided in the NDA is inadequate.

4. Since it is clear that ritonavir may be used in combination
with other PRIs , such as saquinavir, it is strongly recommended
that i1n vitro combination studies be performed on the potential
PRI combinations. It is possible that PRIs in combination could
have an antagonistic relationsiiip with respect to activity in
vitro and perhaps manifest that relationship in vivo. Therefore,
an activity analysis in wvitro would be prudent.

Yauren C. Jacono-Connors, Ph.D.

Microbiologist
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Table1*
Clinical Study Summary
Study Design Treatment Group
Adequate and Well-Controlled Phase Il Studies
M94-245 Phase: III Ritonavir 600 mg BID =
Dates: 2/95- Design: Double-blind, randomized, three-arm, 118
going parallel group, multicenter, international Zidovudine 200 mg TID =
No. of centers: 34 121
Randomization Ritonavir 600 mg BID plus
_ Ratio: Equal group sizes (ritonavir 600 mgo%m; Zidovudine 200 mg TID =
terim su zidovudine 200 mg TID, ritonavir 600 mg 117
}2,‘,{}3: ey BID plus zidovudine 200 mg TID)
ubmission cutoff Study length:  28-day screening period, 7-day lead-in,  Total Randomized = 356
date: Earlier of 16 double-blind treatment period (intesim -
weeks and 9/28/95 analysis after 14 weeks), unlimited open-
label weatment period -
Daose selection: Randomized to fixed dose .
M94.247 Phase: II Ritenavir 600 mg BID =
Dates: 4/95- Design: Double-blind, randomized, two-arm, 543
ongoing paraliel group, multicenter, intemational Placebo = 547
No. of centers: 67
Randomization Total Randomized = 1090
Interim summary  Ratio: Equal group sizes (ritonavir 600 mg BID:
for NDA placebo)
submission cutoff Study length:  2B-day screening period, 7-day lead-in,
te: Earlier of 16 double-blind treatment period (interim
weeks and 9/13/95 analysis after 16 weeks), uniimited open-
label treatment period
Dose selection: Randomized to fixed dose

NDA Vol 196/399 p 4-7
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Table 1*

Clinical Study Summary (Continued)

Dose selection:

Randomized to fixed dose; subjects in
Group Il assigned after safety of the dose

Study Design Treatment Group
Adequate and Well-Coutrolied Phase I Studies
M93-112 Phase: Il Dosing Group I:
[Dates: 1/94-1/95  Design: Multiple-dose, double-blind, randomized, Ritonavir 300 mg q12h =
placebo-controlled, multicenter 13
. (Europe/Australia) Ritonavir 400 mg qi2h =
No. of ceaters: 9 13 _
Randomization Placebo ql2h = 13
Ratio: Equal group sizes (Group I ritonavir
300 mg q12h, ritonavir 400 mg q12h, Dosing Group 1I:
placebo; Group II: ritonavir 500 mg q12h, Ritonavir S00 mg ql2h =
ritonavir 600 mg qlZh, placebo) 15 -
Study length:  Screening Period, 2-week washout, 28 Ritonzvir 600 mg ql2h =
days treatment, optional &> ~nsion 15

Plicebo qi2h = 15

in Group I was established Total Randomized = 84
M93-134 Phase: II Dosing Group I:
Dates: 1/94-9/94  Design: Multiple-dose, double-blind, randomized, Ritonavir 200 mg q8h = 10
placebo-controlled, multicenter (US) Ritonavir 300 mg q8h = 10
No. of centers: 6 Placeboq8h = 11
Randomization
Ratio: Equal group sizes (Group I: ritonavir Dosing Group II:
200 mg q8h, ritonavir 300 mg g8h, Ritonavir 200 mg q6h = 11
placebo; Group II: ritonavir 200 mg q6h,  Ritonavir 300 mg q6h = 10
ritonavir 300 mg q6h, placebo) Placebo q6h = 10
Swudy length: Screcning Period, 2-week washout (1 week
for patients with no previous antiviral Total Randomized = 62
therapy), 28 days acute treatment phase, 8-
week extension phase, optional
continuation in Study M93-134x
Dose selection:  Randomized to fixed dose; subjects in

Group Il assigned after safety of the dose
in Group | was established

Enclosure 1 (continued)




Table 1

Clinical Study Summacy (Continued)

Uncontrolied Phase II Extension Studies

Interim summary
for NDA
submission cutofl
date: /15/95

No. of centers:
Randomization
Ratio:

Swdy length:
Duse selection:

M94-169 Phase: 11 Study M93-112 Dosing
Dates: 1/94- Design: Continustion of the 4 week, double-blind, Groups:
longoing randomized, placebo-controlled, Dosing Group I:
multicenter study M93-112 Ritonavir 300 mg ql2h = 17
(Europe/Australia) Ritonavir 400 mg q12h = 17
No.cfcenters: 6
. Randomization Dosing Group 1L
}megg :um:mry Ratio: Equal group sizes; subjects continued Ritonavir S00 mg q12h = 21
°L cion cutoff ritonavir therapy assigned in Study Ritonavir 600 mg q12k = 21
;“ '!“;;;‘5’;‘9;“ 0 M93-112 (Group I: ritonavir 300 mg qi2h,
Ate: ritonavir 400 mg q12h; Group II: ritonavir Total Randomized = 76
500 mg q12h, ritonavir 600 mg q12h);
subjects assigned placebo in Study .
M93-112 were randomly assigned to -
reccived one of the two ritonavir regimens
in their dosing group
Study length: unlimited
Dose selection:  Randomized to fixed dose; patients who
discontinued from Study M93-112 could
be rechallenged with open-label ritonavir
300 mg q12h liquid formulation. All
patients were elevated to ritonavir 600 mg
q12h (or lower dose if not tolerated) after
efficacy results established from Study
M93-112.
M93-134X Phase: 1l Patients from Study
Dates: 4/94- Design: Continuation of Studies M93-134 M93-134:
ongoing (multiple-dozs, double-blind, randomized, Dosing Group I:

placebo-controlled, multicenter ) and
M94-251 (open-label, single-center, 8
week study) (US)

5

Ritonavir 200 mg q8h = 16
Ritonavir 300 mg q8h = 15

Dosing Group 'l:

' Ritonavir 200 mg q6h = 15
Equal group sizes; subjects continued Ritoravir 300 mg q6h = 15
ritonavir therapy assigned in Study

M94-251 (ritonavir 600 mg BID) or Study Patients from Study
M93-134 (Group I: ntonavir 200 mg q8h, M94.251:

ritonavir 300 mg q8h; Group II: ritonavir  Ritonavir 600 mg BID = 6
200 mg q6h, ritanavic 300 mg q6h);
subjects assigned placebo in Study Total Treated = 67

M93-134 were randomly assigned to
receive one of the two ritonavir regimens
in their dosing group

unlimited treatment

Continued dose ieve! from Study M93:134

or M94-251
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Table 1
Clinical Study Summary (Continued)

Other Uncontrolled Studies
M94-251 Phase: 1 Open-label Ritonavir
Dates: 11/94-3/95 Design: Open-label, single-center (US) 600 mg BID = 6
No.ofcenters: 1
Randomization Total Enrolled = 6
Ratio: Not applicable
Study length: 8 weeks, optional extension in Study
M93-134X
Dose selection:  Fixed dose
M94-229 Phase: III Dosing Group I:
Dates: 11/94-4/95 Design: Multiple-dose, open-label, multicenter Ritonavir 400 mg TID = 17
(US) -
No. of centers: 5 Dosing Group II:
Randomization Ritonavir 700 mg BID =
Ratio: Equa! group sizes (Group I: ritonavir 400 13 .

mg TID; Group II: ritonavir 700 mg BID)
Study length;  Screening Period, 2-week washout, 28 Total Randomized = 30
days treatment, optional open-label
extension
Dose selection:  Fixed dose; subjects in Group II assigned
after safety of the dose in Group | was

established

M94-208 Phase: I Phase [ (14 days):
Daies: 3/95- Design: Open-label, multicenter (France) Open-label Ritonavir
ongoing No. of centers: 6 600 mg BID = 32

Randomization

Ratio: Not spplicable Phase IT (up to six

Study length; 14 days ritonavir alone, combination drug months):
Interim summary phase (total duration 6 months; ritonavir, Open-label Ritc?navir )
for NDA zidfwudme. and zalcitabine), optional 600 mg BID, Zidovudine
submission cutoff maintenance phase 200 mg TID, and
Rd ate: 8/25/95 Dose selection:  Fixed dose Zalcitabine 0.75 mg TID =

‘ 32
Total Enrolled = 32
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Table 13. Distributon Of Patient Subset Evaluated for Genotypic
Variation In HIV P During T ith ABT-538

Swdy Protocol Regimen _ No.of Patients  Total No. of HIV
' Evaluated in Dosing  Sequences Obtained in Dosing

GIDUP .

M93-112; M94-169 300 mg ql2h 5 19 |

M93-112; M94-169 400 mg ql2h 8 45 |

M93-112; M9%4-169 500 mg ql2h 8 35

M93-112; M%4-169 600 mg ql2h 8 37

M93-134 200 mg q8h 8 19

M93-134 300 mg q8h g I8

M93.134 200 mg q6h 3 9

M93.134 300 mg 46h l 5

Vol 54, p 11 (Pre-NDA Submission)
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Tablc L. Blochem;cnl Speaﬁclty of ABT-538 Towud HIV-1

HIV-1 protease <i (Kj= 15 pM)

Human gastricin >100.000 .
Humag pepsin 10,000

Human cathepsin D 24

Human cathepsin E 8

Human renin 33,000

Vol 54, p 2 (Pre-NDA Submissgion)
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Virus . ECspuat) EC90 (+M)
MOi= 20 MOI=00032 MOI=0.00] MOI = 0.0032

av-Inm 0.02" w59 0.081 0.183
HIV-IpN ' 0.006 0.014 0.176 0205 -_

Vol 54, p 4 (Pre-NDA Submission)
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TValum are gemmetrie meon of twe tripheats determinations &t 10 sad 32 tinmus Tulters inlevtiows deses (TCLDy) puv well, respartively.

$50% cywwionic evnsemtration.
{Esimated aqueown snhabllivy,

.:!l!x.l:..! o S-mg/kg Ly dons (n = 3)

| plassma ion after o 10-mg/kg oral docs: (# = J).
**Timna of mazimal pli ion Mice orl dose.
:o.zi!"i-ﬁl'gr and 10-eng/kg oral Gosmm.

:t.l.:u:{[-f.!lltl’

faﬁ.v:q.vnniiil—!r’;!g.l
by addition ol the HIV protease iahibitor in 13-15 ul of 20%
(vol/vol) ethanol contsining 2 molsr squivalents of methane-
sulfonic scid per wole of iahibitec. Incubations were inter-
2!2. sfter 0, 10, 20, 30, o 43 mia by addition of | M N3;CO,.
A 45-min #n0-NADPH controi incubation was also performed
for cach protease inhibitor. The resvlting mistuee was ex-
tracied with ethyl acetate, scidified with | M HQ, and
enteacted with a sccond poction of ethyt acetate. The combined
organic layers were concentraled (o drynass under a Ny siream
and recomstituted for quantitatve HPLC saatysis
Metabelism in Vive, ?c.reenuo.!-ruv.d’xoo-l.ﬂ

rais and a maic beagle dog were

tivity flow detection.

RESULTS AND DISCUSSION
. We have thown previously that the pharmacokinetic profila
of rymmetry-Dased HiV protease inhibliors ars related to &
vatiety of physicochemical (catures. Within it siructural class,
A-80987 tepresenicd the oplimal compromise between ocal
bioavailability and potency (11). The pharmacokinetic param-
cters for A-80987 in three species ate provided in Table |,
Although s single {0 mg/kg oral dose of A-S0987 in rat and dog
provided peak plasma conceatrations (Col) ot teast 20-fold
higher thaa the 30% effective concentration Amn._& for ami-
HIV activity in viso, plasma lcvels (olbreing (ks esrly pesk
ftime of maximal absorpuion (o) = 0.17-0.25 h] dectined
rapidly. [a the monkey the shsorption was more fradusi (f...
= 1§ ), but with subsiamtivily tower Co. With the goal of
sdemifying sn sgent thal would provide more susisined virus-
ruppectiive drug bewels in vhw, we cadeavaced 10 dasign
inhicars with both cahanced sati-HIV activities sad ion-
!9.2_ pharmacokinetic proliles To this end, wu embarked an

tated by wiing u

v.on edures, A S-mg/kg Lv. dose of {veline-U-'*C]A-80917 or
{weting-U-'*CJABT-5)8 was administered, and bile was col-
lected in 2-h intervals (or 6 b Pacent drug and metabolites
were nc-!t-.us by uting reverse-phase HPLC with radiose:

s p

hepatic microsomm &s shown ia Table 1 (n each case, only
thros major metabolites were produced: the mong pysidine
Noxides rasultiag from oxidsiion at cither the 2-pyridyt or
3-pyvidyl group sad the correspond, «, “e(pyridine N-oxide),
We also cxamined the distribution i 4 dabeted A-80987
after Lv. sdministration 10 bile-esienvized dogr and rats,
Within 2 & of a S-mg/kg dose, 62% ant 84% of the toial
radioactivity sdminlstered was recovered tirdhe dog and rat
bile, respectively, While only a small percentags (1 S—48%) of
A-80987 was excretsd unchanged, the thre¢ N-oxide metabo-
tites constituted 92-95% of the total bile radioactivity in these
two species (Table Z). Taken together, these feselts sugpest
that the plasma concentrations of A-B09E7 ace limited in st
specics, including bumans, by efficicat metabolism of both
pytidyt groupe.

Design of lahibliors with Improved Propertias. With the
sbove information in hand, we sought sruciural modificstions
of A-80987 which would

without sacrificing -Ittd_
gl!—!‘gf;sicw%n
otidation poteatial of the electron-rich pyridingi groups. How-
ver, we obsevved that substantial changes in the basicity of the
pyridyl growps reduced aqueous solubility and lowered orat
stnorption. Replacement of pyridine with thiazole. a bess
clectron-rich blolsostere, was there(ore pursued (o balancc
squeous solubllity aad matabolic mability. The activity, esti-
mated aqueous solubility, and pharmacokinetic propertics of
key structurai snslogues leading 10 the identification of ABT-
$38 are provided la Tabie ). All of the ansloguas inhibised
purified HIV protease with K; < | aM 2ad thowed simiiar in
visw antl-HIV dose-rmponse curves, with ECy vatuez =1- 10
S-fold bigher than BCy values. Antivinl activity decreased
ouly slightly e placement of a S-thiazolyt group ime the 7'

Teble 4. Ast-HIY seviviey of ABT-538 in visrw

ki .u prefiic

acy. We specul

d that the

a rymematic study of 1de relationship of inhibitor srecture
both t0 sntivical sctivity sad 1o pharmacokinetic behavier in

rats. Initially, we ned the wetabe

lism of A-80987 w0

understand (he sirwctural leotures (esnorsibie for rapid cleas-

ance,

Metsholism of A-S99F7. We studied the metsbolic (ne of
A-S0TET o1k in view snd in vve. The distribution of metsd-

olites afted incubation of A-80987 with rat, dog, sad heman Volew

Table 4,

Surein

" €Cwm oM

ABT-334

HIV-1une
HIV. i
IV
IV lywyr
V-2

awn
.00
agie
0044 .
(A1)

AZT
wn

.01
64
0.049
o"n

"

Kempf, et al

4 single triglhs

., 1995

assay,
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'Anr-ssa DDC DDI AZT
HIV-1mp 0.039 1.68 19.2 0.02
HIV-1Mn 0.014 1.19 113 0.026_
HIV-1IRp 0.108 0.615 6.94 0.018~
HIV-1TR17 0.046 0.906 18.6 Y0119
HIV.2 0.242 0.675 5.50 0.005
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Table 4: Effect of Increasing MOI on Antiviral Activity.of ABT-538

1
MOI 0.00032 0.001 0.0032 0.01 0.032
ECso 0.02 0.016 0.025 0.046 0.079
EC 0.065 0.074 0.118 0.272 nd
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Tablc 5. Bﬁect of Time of Addiuon or Removal of AB’!‘-SBB onln

Day of Drug Addition BCs0 (MM)
or Removal
Addition Removal

0 0.04 -

i 0.00 1.83

2 2.82 044 .
3 >10 0.1

4 >10

Vol 54, p 5 (Pre-NDA Submission)
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Table 7. in Vitro )‘mtivimfcd\fil}i of ABT-53E in MT2 Cells Acutely Infected with Paired

EOSIAYE or AL T Resisman

ECsolM)  BCyouM)  ECso(uM)  ECoo(uM)
HIV-1A018 H112-2 (7e-AZT) 0013 0.118 0.076 0.454

}ﬁv-lm |§ gglﬁ ‘E @ gmg mﬁl ) :-lg >!2
Virus obtained thiough the AIDS Research and Reference Reagent Program, AIDS Program, NIAID,
NTH: Contributed by Dr. Douglas Richman. v

Vol 54, p 6 (Pre-NDA Submission)
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Table 8. /n Vitro Susceptibility of Low Passage HIV Clinical Isolates

w7 . - mm _,

Patient No. Study No. Location BCs) (uM)  BCog (uM)
108 M93-112 Madid

16 M93-112 Baroslona

123 M93-112 Sydney

128 M93-112 Amaterdam

129 M93-112 Amsierdam

131 M93-112 Ammsterdam

210 M93-112 Madrid

223 M93-112 Amserdam '
226 M93-112 Sydney

302 M93-134 New York |
09 M93-134 New York |
334 M93-134 Alabama !

M93-1

Vol 54, p 7 (Pre-NDA Submission)

Encloaure 10




Vol 5¢, p 2 (Pre-NDA Sulamission)

Enclosure 11




Table 9 In Vitro buscepubxh
H

1 PBMC

!y to ABT=538 of Paucm Denved

Patient Locaion EC30 (uM)  ECop (uM)

CN Chicago 0.139 0.573
MR Chicago 0.14 0.574
WM  Chicago 0.153 0.562
WL Chicago 0.046 0.410
AMi-| (47284)  Amstesdam 0.044 0.166

AM.-2 (48897

015 _0.071

Vol 54, p 7 (Pre-NDA Submission)
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Virus Concentration of ABT-538  Sensitivity to ABT-538 (uUM)

used in selection (UM)
ECso ECo0
HIV-INLA-3 - 0.03 0.2
P19 0.80 0.18 {

ie?) - 20 0.8 2__ -

Vol 54, p 9 (Pre NDA Submission)
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Vinus Amino Acid Residuc. No. of
e . _ clones
HIV-INL4-3 EWU M6 163 ATl VB2  [84 -
P19 | F v { .
P22 1 p v F Vv - 4
P22 1 P F ) 3
2 e mvr— v F v 3

Vol 54, p 9 (Pre-NDA Submissgion)
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Table 12. Susceptibility to ABT-538 of HIV-1
M ~ { by Site-di { Muttas X

Virus | Sensitivily 0 ABT-538 GIM)  Sensiavity Relative (©
HIV-INL4-3
ECs0 EC90

HIV-INLA-3 0.03 0.1 !
184V 0.2 ' 8-10
VB2F 0.15 0.4 45
184V/M46! 0.2 0.8 8.9 )
L63P 0.03 0.1 'y
Mé61 0.02 0.07 i
ANV 0.02 0.07 !
V2F/I184V ND! ND! -
L63P/VE2E/1BAV ND! ND! -

Susceptibility wsting precluded by impaired growth kinetics

Vol 54, p 10 (Pre-NDA Submission)
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Figure 1. Erequency of Variation from the HIV-1 Protease Consensus B Sequence in & _ients Undergoing
Therapy with ABT- timate sequence only for each patient in Ap

ndix A: Studies M3 12, M94-165, M93-134)

a6

u1 J POST-RITONAVIR

27 [] PRE AND POST-RITONAVIR
30

28

26

FREQUENCY

e T2 ™M K S L K8 L2e L33 B34 E3C M3S NIT P Rl Ked K5 M4E FS3 IS4 RS CSE e 0Nt W2 Lﬂlﬂ Cl?lﬂ!mﬂ‘l i vt vl I % T!

AMINO ACID RESIDUE
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TABLE | Analysis of plasma HIV protcase sequences during ritonavir treatment.

Number of  Nuniber of

Mutations _ Sequences _ VB2A/T/E _ 1S4V A7IV/T _M3611, 184V K20R tA46LL/V LIIF  L9OM
1 21 20 0 1 0 0 0 0 0 0
2 17 16 7 K] 4 2 0 2 0 0
3 ¥ 1?7 10 7 7 1 2 3 2 2
4 15 15 13 6 7 6 4 4 l 2
5 9 9 9 b 6 3 5 3l 1 1
6 2 2 2 1 2 2 2 1 0 0
Total 81 79 41 26 26 14 13 13 6 5
No. of 43 42 25 14 13 7 9 11 S 4
Patients®

Sequences from each patient were analyzed for the presence of consensus mutations selected by
ritonavir, as defined in FIG [, Sites showing a mixture of the consensus amino acid and mutant
amino acid were recorded as mutants. Multiple occurrences of the same set of mutations in

. JNNUUVPIPIIRESR

individual patients were recorded only in the first instance. Single mutations which were observed
both during and prior to the initiation of ritonavir therapy were not recorded.

*Total number of patients represented for each sequence.

Preprint (Draft) p 7, Molla, et al, 1996
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Effect of Human Serum on the Anti-HIV-1yg Activity of HIV Protease Inhibitors in MT4

Cells
ECs (UM)

Inhibitor 0% Human Serum 50% Hur;-m Serum
Ritonavir 0.058 + 0.014 1.044 % 0.306
Saquinavir 0.011 + 0.003 0.182 + 0.060
Indinavir 0.038 + 0.008 0.059 + 0.012
VX478 0.066 % 0.003 0.287 1 0.008 f
AG 1343 0.011 % 0.004 0.317 £ 0.107 [

Abbott Fax,

22 Feb 96, POC Jeanne Fox
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